Longitudinal studies of web change are needed to assess the stability of webometric statistics and this paper forms part of an on-going longitudinal study of three national academic web spaces. It examines the relationship between university inlinks and research productivity over time and identifies reasons for individual universities experiencing significant increases and decreases in inlinks over the last six years. The findings also indicate that between 66 and 70% of outlinks remain the same year on year for all three academic web spaces, although this stability conceals large individual differences. Moreover, there is evidence of a level of stability over time for university site inlinks when measured against research productivity. Surprisingly, however, inlink counts can vary significantly from year to year for individual universities, for reasons unrelated to research which undermines their use in webometrics studies.
Introduction
The web is a highly dynamic medium and, while this has obvious advantages in terms of the currency of its content, it is a cause of major concern to web researchers. Due to its continuously evolving nature, the results of any web study may be out of date by the time they reach publication. In the absence of any longitudinal study, web researchers cannot report the results of any trends identified in their web studies as being definitely conclusive, but only as an estimate at any given point in time. This study aims to fill this gap by investigating, in some detail, changes in link counts over time for three academic web spaces.
This paper continues a longitudinal study of the academic web spaces of New Zealand, Australia and United Kingdom universities using data collected as part of an on-going academic web link database project [1] . While this project has been collecting university link data since 2000, in the context of web analysis this is a long-term perspective and has already been used to provide significant insight into the patterns and relationships inherent in academic hyperlinks [2] [3] [4] .
While much research has been carried out on academic web links, and longitudinal studies have been undertaken on internet web sites and domains [5] [6] [7] , the research questions in this paper have been chosen in an attempt to fill a critical gap in current webometrics research. By undertaking a longitudinal study of academic web spaces, it is hoped that patterns and trends in inlinks and outlinks over time, particularly with regard to academic research, can be identified and explained.
Previous related research
The earliest academic web link studies concentrated on finding correlations between university link metrics and measures of research, e.g. [8] . Although initial findings were disappointing, subsequent studies found that counts of links to UK universities showed significant correlation with their average research productivity [9] . Comparable relationships were later found for Australia [2] and Taiwan [10] , using different measures of national research productivity.
New measures of on-line impact have been proposed, including the web impact factor (WIF) which was designed to measure the average on-line impact of a set of web pages by counting the inlinking pages outside the set in question and then dividing by the number of pages inside the set [11] . A subsequent study, using outlink counts, coined the phrase web use factor (WUF) for outlinks divided by faculty numbers [12] . WUFs were not found to be statistically less reliable than WIFs, despite being dependent upon the crawling of a single site to identify its outlinks, rather than upon multiple other sites to compile total inlinks. WUFs were also found to correlate strongly with average research productivity statistics. Both measures are therefore supported by statistical evidence of their consistency at a general level, but both also show significant anomalies for individual web sites and are therefore not reliable for specific sites.
Another study using university inlinks and outlinks gave mathematical evidence to show that link counts between pairs of universities are approximately proportional to the quadruple product of the size in academic staff numbers and research quality of the source and target institutions [13] .
The WIF was later modified for universities by using another measure of university size, its full-time faculty [9] , and this gave rise to other studies dealing specifically with links between universities at a national level. One of these highlighted the apparent geographic grouping of UK academic institutions, finding that the extent of interlinking between pairs of UK universities decreased with geographic distance and that neighbouring institutions were more likely to interlink, particularly with respect to Scottish and Manchester universities [14] , and this evidence of geographic clustering has been reinforced by subsequent studies [15] .
It has been demonstrated that, although it may appear that universities conducting more research attract significantly more links, in general, universities with better researchers attract more links because the researchers produce more web content, rather than because the content produced is of a higher quality [4] . This is a significant finding, as it suggests that link counts should not be regarded as a measure of quality.
Web link studies carried out from a purely longitudinal perspective are few and far between. A series of papers, believed to be the longest continuous study of a single set of URLs, has carried out analyses on a random selection of 361 URLs since December 1996 [5, [16] [17] [18] . Significant findings are that the half-life of a web page is approximately two years and that web page content appears to have stabilized over time.
Other longitudinal studies concentrating on identifying changes and trends in web pages include a longitudinal study of the state and evolution of 738 web sites at two different points in time (1997 and 2004) [7] . The main results confirm a growth of web content and elements in the web, although a high degree of web content decay is also shown, with a claim that the web grows at the expense of the deletion of previous content. In independent studies, it has been discovered that around 40% of all web pages in their respective sets changed within a week, and that pages drawn from servers in the .com domain changed substantially faster than those in other domains [6, 19] .
Two studies have specifically examined the performance of search engines over time, finding that they appear to lose information [20, 21] . For example, relevant URLs that were retrieved at a given time by a certain search engine were not retrieved by the same search engine at a later time, although they were known to exist and to be relevant. Also, changes to web documents related to the term 'informetric' have been studied over a five-year period from 1998 to 2003, finding that pages were either completely static or changed often and considerably [22] .
Research Questions
The purpose of this study is to identify and track the most significant changes and causes of changes in the academic web space over time, using a case study of three countries for which relevant historical data is available (Australia, New Zealand and the UK). The choice of these three countries is driven by the fact that they are similar countries in the sense of being English-speaking, richer nations and part of the Commonwealth. This paper attempts to gain insights into the stability of results for webometric studies and deals specifically with trends in inlinks and outlinks to and from university web sites in an attempt to answer the following four research questions:
1. How has the relationship between UK university inlinks and research productivity varied over time?
2. Which universities in each of the three academic web spaces have experienced the greatest increase/decrease in inlinks over the last six years and why?
3. Can inlink counts be used to assess UK university research productivity?
4. For each academic web space, what percentage of university outlinks change from year to year?
Methods
The data used during this study takes the shape of text files, one for each university, containing a list of source pages and target hyperlinks. The text files were obtained as part of the on-going University of Wolverhampton Academic Web Link Database Project [1] with a collection of national universities' text files forming a database. This paper uses data for the universities of the UK, Australia and New Zealand over a six year period beginning in July 2000. Table 1 below shows the database number, country and dates on which the crawl took place. The database was created by a specialist information science web crawler [23] , which crawls all HTML pages on an academic web site by following links, typically starting at the target university's home page and following links to the same site iteratively until all known pages have been visited.
The resultant link structure database consists of a separate text file for each university, giving a list of the URLs of all source pages crawled together with all identified target URLs referred to in the page, with duplicate URLs removed and all URLs truncated at the first '#' character.
The university text files were then processed using a suite of bespoke programs designed to work with the structure of the text files produced by the crawler, sorting, counting and analysing the link data.
Although the crawls were not taken at exactly the same time period each year, attempts were made, especially from 2001 onwards, to crawl each national academic web space every year, and at roughly the same time each year. Given the similarities between each academic web space, the slight time discrepancy seems unlikely to significantly affect the results. Also, the fact that a complete data set of all UK, Australian and New Zealand university links is available precludes the use of random samples, as used in other longitudinal studies [16, 19] .
Results

Correlation with research productivity
Logarithmic graphs were produced showing linear regression models for UK university site inlinks against research productivity (measured as the number of full-time faculty members for each university multiplied by that university's RAE rating) for each year between 2000 and 2004. The measure of research productivity used here has been used in many previous academic web studies, revealing statistically significant correlations [2, 3, 13] . The average RAE rating of the universities was taken from the Times Higher Education Supplement [24] , which averages the grades awarded to each university by the government Research Assessment Exercise. This is a peer review, subject-based process that is used to direct government research funding. Staff numbers were taken from Noble's Higher Education Financial Yearbook [25] .
All graphs displayed correlation coefficients in a very narrow range between 0.82 and 0.9077. Levels of correlation greater than 0.7 can be described as high and so, using Pearson's correlation coefficient R, it is clear that these graphs all display high levels of correlation. Pearson's correlation is used as a descriptive measure of the linear relationship in the data. Link data typically does not follow a normal distribution and so a non-parametric correlation such as Spearman's is more robust, but this only considers the rank order of the data.
Logarithmic graphs were then produced showing the results for UK university site inlinks divided by the number of full-time academic staff against research productivity divided by the number of full-time academic staff. The reason for comparing two indicators divided by faculty numbers is to ensure that both are normalized for size. Bigger universities could be expected to conduct more research and attract more inlinks and so a correlation between total research productivity and total inlinks could be explained through both being related to university size. After normalizing for size, however, another explanation must be sought for any high correlation found.
A summary of the results from the logarithmic graphs is shown below in Figure 1 . All graphs displayed correlation coefficients in a very narrow range between 0.7308 and 0.8032. Although the graphs post-normalization exhibited a lower level of correlation when compared to the nonnormalized graphs, they still display high levels of correlation.
While the results above seem to suggest a level of stability for university site inlinks when measured against research productivity, it was hypothesized that the number of inlinks would vary considerably for individual universities.
Major changes in links
While the results so far have concentrated solely on UK university inlinks (as RAE ratings and staff number data are freely available for the UK), the following tables show the universities which have experienced the greatest percentage increase and decrease in inlinks over the six year period for the UK, Australian and New Zealand academic web spaces, together with the time period in which the change took place.
The universities showing the greatest percentage increase in inlinks are shown in Table 2 while the universities showing the greatest percentage decrease in inlinks are shown in Table 3 . Perhaps the most obvious pattern to emerge is that, for all three academic web spaces the universities which underwent the greatest increase in inlinks experienced it during the first time period of the study. This time period beginning July 2000 shows a phase during which many universities realized the potential and benefits associated with a well designed and functional web site, and therefore enhanced their web presence. This subsequently led to an increase in the number of inlinks pointing to their web sites as most of these links come from other national universities which were also expanding at the time. In New Zealand, Auckland University of Technology, Lincoln University and Otago University experienced the largest increase in inlinks, while in the UK Cardiff University, UCL and Reading University topped the table.
The tables also highlight a remarkable pattern in the Australian academic web space in that the three universities showing the greatest percentage increase in the first time period are the same universities (in the same order) with the greatest percentage decrease over the next two time periods. The results of Tables 2 and 3 are surprising as, although previous research has claimed that counts of outlinks to universities may vary significantly over short periods of time, the same appears to be true for university inlinks.
Inlinks and research productivity
Examination of the reasons for significant changes in link behaviour between universities shown in Table 2 shows that common reasons for an increase in inlink counts include:
• an increase in web presence, i.e. an increase in the number of pages in a university site;
• links to freely available on-line resources (e.g. databases, programs, dictionaries).
Reasons for the decrease in inlinks shown in Table 3 appear to be mainly technical, and include:
• web site re-organization (including the introduction of dynamically generating link technology);
• changes in domain names;
• withdrawal, or movement, of on-line resources;
• links to personal (non-academic) pages.
Therefore, while Figure 1 suggests a level of stability over time for UK university site inlinks when measured against research productivity, analysing individual UK universities which have experienced significant change from year to year shows that the reasons for this change are due primarily to web site reorganization and the introduction (or withdrawal) of on-line resources such as databases or dictionaries. The fact that these are web-related, rather than research-related factors, would suggest that web links should not be used as a reliable indicator of academic research potential.
Individual changes in links
In an attempt to answer the question of what percentage of links change from year to year, the emphasis of this study changes from inlinks to outlinks. To calculate how many outlinks were changed, i.e. added or deleted (including instances where the URL was modified), a program was written to count the number of distinct outlinks in a university text file, and then identify the number of duplicate outlinks in subsequent text files. The format of the raw data necessitates the use of outlinks but it could be argued that by running comparison checks to find percentage change between subsequent text files, the overall set of outlinks would be the same as the overall set of inlinks for each academic web space. The results are shown in Table 4 .
The results for changes in the New Zealand academic web space during the first time period proved to be inconclusive; with data only available in August 2000 for three universities the results were too widely skewed to be considered reliable. Therefore, only data from July 2001 was used for each academic web space and so Table 4 above shows the percentage change in outlinks for the three academic web spaces for the last four time periods only. It shows the percentage of links which were the same as the previous year (i.e. the percentage of the current year's outlinks which were also present in the previous year) and the percentage of links which were new for this year (i.e. the percentage of the current year's outlinks which were not present in the previous year). These two percentages total 100%. Also shown is the percentage of outlinks which are missing from the previous year (as a percentage of the number of outlinks in the current year to maintain consistency with the other results). Not shown in Table 4 We can see that the percentage change for outlinks which were the same as the previous year (and hence the percentage change for the number of new links) for all three academic web spaces is within a relatively narrow band, with New Zealand having a 15% spread (between 70 and 55%), the UK a 12% spread (between 78 and 66%) and Australia a 5% spread (between 71 and 66%). To summarize the whole table in general terms we could claim that in most years about two thirds of the outlinks are inherited from the previous year and one third are new. In addition, a variable percentage of the previous year's outlinks are lost, with occasional large losses.
Perhaps most significant is the fact that, over the five-year period, the average percentage change for outlinks which were the same as the previous year for all three academic web spaces is between 66 and 70%. Consequently, the average percentage change for new outlinks for all three academic web spaces over the five-year period is between 34 and 30%. This is remarkable as each university web site has developed independently, with no formalized guidelines for academic web site development or organization and with obvious geographical disparity.
Discussion
The results for non-normalized and normalized data shown in Figure 1 show that the correlation between the average number of site inlinks and research productivity has remained relatively constant over the time period in question. A significant correlation between link count statistics and another independent measure is evidence that there is some pattern in the link data, and is suggestive of a connection between the two data types. In addition, these results suggest that staff number * RAE rating is a reliable, stable measure of research productivity. However, it is important to remember that a statistically significant correlation between two phenomena does not imply that one is the cause of the other, as there may be unrelated factors that influence both [26] .
From Tables 2 and 3 it is immediately apparent that the largest percentage increases all fall within the first time period for all three academic web spaces. This echoes previous findings which show an increase in both average site size and average inlink count for all three academic web spaces over the period July 2000 to February 2002 [27] . This would appear to be a period when UK, Australian and New Zealand universities were enhancing their web presence. They appear to have increased the size of their respective web sites, adding more pages and consequently more links to other national universities. Indeed, every university in all three academic web spaces saw its inlink count increase during this period and, following this period of growth, all three academic web spaces then entered a period of stabilization and consolidation.
While no formalized attempt to categorize links or pages of the type carried out in [28] and [29] is made for this study, a cursory inspection of the data suggested that the majority of the universities
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New Zealand
Year n outlinks also present in year n-1 (same) 69% 70% 55% 69% 66% Year n outlinks not present in year n-1 (new) 31% 30% 45% 31% 34% Year n-1 outlinks not present in year n (missing) 286% 31% 26% 40% 96%
Australia
Year n outlinks also present in year n-1 (same) 66% 67% 71% 67% 68% Year n outlinks not present in year n-1 (new) 34% 33% 29% 33% 32% Year n-1 outlinks not present in year n (missing) 52% 30% 119% 57% 65%
UK
Year n outlinks also present in year n-1 (same) 66% 78% 68% 70% 70% Year n outlinks not present in year n-1 (new) 34% 22% 32% 30% 30% Year n-1 outlinks not present in year n (missing) 78% 105% 41% 97% 80%
experiencing a significant increase in inlinks appear to gain work-related (including research-related and technical) links, as opposed to links of a purely social, recreational or superficial nature. Other studies warn of the dangers associated with considering links between universities as equivalent to citations, as only about 1% of inter-university links target content equivalent to that of a journal article, although around 90% seem to link to pages with some academic nature, as opposed to purely administrative or recreational pages [28] . This seems consistent with this study as a significant number of the causes identified for major increases and decreases in inlinks can be attributed to popular shared on-line university resources. In only one instance, Goldsmiths College, University of London, can a change in the number of inlinks be shown to be entirely social in nature. Perhaps academic sites provide an opportunity to discover patterns within the specific depth of the links, e.g. the hierarchy of a department could be reflected in the depth of links (we would find the personal home pages of scientists working in that department at a deeper level) [30] .
Another interesting point to note is that of the 132 UK, Australian and New Zealand universities for which data was available each year from 2000 to 2005, all have experienced a net increase in the number of inlinks over this period. The greatest increase was experienced by the Auckland University of Technology, rising from five inlinks in July 2000 to 83 in January 2005. Again, this 1560% increase is exaggerated by the small number of New Zealand universities and consequently the small number of links between them, but this should not detract from the fact that every university during the course of this study has experienced an overall escalation in the number of inlinks to their site.
From the results shown in Figure 1 , it appears that the correlation between UK universities' research productivity and inlink counts has remained approximately constant from year to year. However, analysing the reasons for significant changes in individual UK universities from Tables 2  and 3 shows that the majority of changes can be attributed to technical, web-based factors rather than research-related factors. This would seem to suggest that, from a longitudinal perspective, web links should not be used as a reliable indicator of academic research potential.
Shifting the emphasis of the study from inlinks to outlinks in Table 4 shows that the overall percentage change of outlinks in the year of study which also appeared in the previous year for the academic web spaces of New Zealand, Australia and the UK was 66, 68 and 70% respectively. This is a significant finding as it could be stated that on average 66-70% of outlinks in all three academic web spaces do not change year on year. After downloading around 100,000 pages per day between March and November 1999, it was found that for pages downloaded six times or more, 56% did not change at all over the duration of the study, while 4% changed every single time [31] . Although these are comparable results, this study concentrated on changes in web page content, not hyperlinks. Also shown in Table 4 is the percentage of links in the year of study lost from the previous year but there does not appear to be an obvious pattern within these statistics, with results varying widely for all three national academic web spaces.
It would be interesting to ascertain whether any of these results would be significantly affected by the introduction of alternative link analysis methods. Alternative document models [32] (involving aggregation based on web pages, directories and domains) may have the potential to produce better web link analysis results. It was discovered that the domain and directory models were able to successfully reduce the impact of anomalous linking behaviour between pairs of web sites, with the directory-based URL counting model proving better for analysing interlinking between universities. While the current study has concentrated on identifying trends in inlinks and outlinks at the university level for each of the three academic web spaces, the adoption of directory or domain alternative document models may have added more stability by reducing the impact of some of the significant changes in link counts experienced by individual universities.
Limitations
There are a number of limitations to this study inherent in the design of the data collection method. Web crawlers operate by following links and are limited in that they can only find pages that they are allowed to visit, or that are previously known about and are linked to in a way which the crawler can extract from the linking page. The number of pages found will depend upon the site, the crawler design and the parameters under which the crawler is operating. A significant limitation in the information science web crawler used to collect the data used in this study is its inability to crawl dynamically generated URLs, as many universities have, over the period of this study, adopted technologies which integrate them into their web sites. This paper deals with both inlinks and outlinks. It is sometimes argued that inlinks are more useful as indicators than outlinks, because outlinks are under the control of the site owners whereas inlinks are not. An additional technical problem with site outlink counts is that they depend upon a single site crawl, and are therefore more liable to crawler coverage problems than inlink counts, which are totalled from a number of different crawls. For example, if one site is not covered well by a crawler because an important area of the site has pages in a format that cannot be crawled, then this will have a big impact upon the outlink count for that site, but only a small impact on the inlink count of all other sites, which will lose the inlinks that were missed from the badly crawled site.
Another limitation is due to the fact that only static staff number and RAE data were available for the duration of this study. While it is recognized that this is not ideal, especially for a longitudinal study, staff numbers and RAE averages are relatively stable for most universities and so should not significantly impact upon the results.
Conclusions
This research focuses on inlink and outlink count variations over time in academic web spaces. It is important to know as much as possible about what changes the web, and web links, experience over time because the rate of variation impacts upon the shelf-life of webometric results.
In terms of individual (out)links, in the case of the three national academic web spaces in this study, it seems that about two-thirds (66-70%) of outlinks remained the same from year to year for all three academic web spaces, although this apparent stability conceals large individual differences, such as a high percentage of individual outlinks disappearing from one year to the next (Table 4) .
When counts of outlinks from academic web sites are compared over time then the changes observed could be expected to include large jumps for individual universities. Big increases can easily occur if a new large collection of pages is added and big decreases can occur when sets of old pages are deleted. Previous research has assumed that inlinks to the same sites should be steadier, at least in relative size, as they depend upon the contents of pages from a range of other sites. The results presented here support this with evidence of relative stability for university site inlinks, as measured against research productivity over time, but there are surprisingly large fluctuations in these inlinks at the individual university level. The majority of the causes for these changes are due to web-based, not research-based, factors and hence this supports, from a longitudinal perspective, previous assertions that inlink counts alone should not be used as a reliable indicator of academic research potential for individual universities, although they can be effective at identifying general trends. In addition, an examination of the reasons for causes of change suggests that the Alternative Document Models could give more stable results. The results also suggest that comparisons between different inlink counts for the same set of academic web sites are unreliable, even if there is only a short time period between the data collection dates. In particular, if comparing two similar webometric papers produced within a year of each other then it would still not be safe to assume that their raw data was similar. This has far-reaching implications for the replicability and comparability of webometrics research, which undermine the potential of the field to compare techniques and reach an agreement on the best ones.
